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T b 呼 fathe r, Mr｡ Ga2:aliエs m ai lF 血 died ぬ = w a sthirtx3e nth,
to 野 rrDthe rp 批 s ･H･ Aisyah Zain uddi,np 血 de v oted he r life to
he rChildr en, ad to 野 上治1o v ed wife, Mrs･ =rdriatiBudim ml 血
per suaded m e to u rde rtake this study a nd e ndu r ed the
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Fr c m million s of distinct d 旧l止c al ccqrp mds a v ailable, c nly
le s stha n t m tho u s a rd hⅣ e 蜘 te sted fo r their te ratogenic
ptLm tial (i a nd 2). =n 1 977, it w a s e stiJrated in the Uhited
s tate s that alm st 7% of all newb m s (200,000of 3,000,000)
hav e birth defe cts e a ch yeha r, fr c m 1 to 5%
'
of c o喝 e nital
defe cts in h m a r edu e 七Q X e r 虻わiotic s exp s u m(3l. The fro st
p m vale nt ty p of r epr く血ユCtiv e failu r ein the hu n m p pulatic m
脚 S tO 加 e a rly 血 s c a r r l age dLU hg 伽 fir st triJre S也 r ,
●
加知将 V e r, the ca u s es of it a r e st il1 血m ｡ The rragni七 血 of
tbs e p mble 帖 rX 5 C eS Sitate s せ 蛤 de v el 耶 1t Of a niJn al to
pr ed ict tb ti3 r atq e nic pte ntial of d旧ー止c als･
co w e m w er 伽 卵 1tially 血 m氏止 effe cts of x e n cぬiotic s
e xp s u 托 血 ∬iryg pr egn e m cy I S r elatiTT ely r e c e nt,
dating frc mtb
l
th lidcxnide tr agedy in 也蛤 eZdy 1 960s ･ ぬ st of 廿胎 血 瓢止c als
a 托 te Sted fo r their r eprdu ctiv e to xicity in in
- viv o
′
syst - ,
in 血ich their effe cts o m e nd3 rYO to xicity a rd te r atcge nicity
a r e r e co rded. m is 耶 h n e eds a tr - おu s ir N e StZr -t Of
tiJn e and m m ey (4)･ 批 e o Ⅷ rther e 虻 e C e rtain dr 訊ねa血 s s血
a s n utritio n al state of theL dm v v a riability in tb
de N elop - tal age of 由b 叩 S f - littL3 r tO l
it br, rn eta加Iic
diffe r e nc e sbe 加 飢 SfX3 C l e S ard diffic ultie sin c ontr olling th
●
eff∝ tive cc)n c e ntr ation ard e xp su 托 d- atio n of the 甲 押=也姐
te r 坤 tO Vh ich 皿 eErbryo is e)年O S ed･ Matern
al rre七ab lizing
syste m cx)uld p⊃s sib ly Cha nge the p-f治
r也 e s of the su sp cted
d 旧t止c als, thu s Ttnke it d ific ult 也 00 n Clude dletfn r
the
embryo to xicity a nd te r atoge nicity obs e r v ed a r e c
a u s ed 吋 tb
血 止c al its elfa rぬ o r its rnetab lite (5)･
Fo r c e ntW ie s c affein e h s - n a wide spr e ad c q rM mt Of
the hEr m diet｡ 叫 t the w o rユd
～
軸 1e hav e fo 血d
c affeine - ∞ ntainirq plaLntS in their n eig吐 血 ard ha v e m ade
t b into fo od a nd drinks｡ Betrer age s like c o c acola, p ps1
■
cわla, 也 迫 O r C Offe e ぬ c a m e v e ry 粥 氾1ar thr o ugho ut the '血rld.
工n s七色ad of f改泊 a nd be v e r喝 e S, C affein e c o uユd als o 土肥
introdu c ed into th h∬ 迫n 叫 tko ugh i v a riety of o v e rthe
co m te r
､
pmdlユCtS u S由 a s an alge sic s, d iu r etic sI Weight c o ntr ol
aidsi alle rgy r elief prepr a七ion a nd a1色rtn ess ∝ 叫 s ･
拙 ay, it se e m sthat c affeine c a n n ot と治 S eEa r ated frc m hu m
daily
'
1ifelp in cluding w ロm an in pr egn a n cy･
s t udie s 血 t the t w atqe nic pti ntial of c affeiry3 is of
r elativ ely' m e nt o rigin. 地 e fir st pub lic atio n 弧 也 e s ubje ct
s e e m st bha v6 b磨 n the r eprtl野 Nish 血 a et al. in 196 0, 血
inje etd pr egn a nt mic e 血th a single do s e of 250Ttgj4Eg
.
C affeir 治
蜘 ge statio n days 9 and 14(6). Sir m th m , a n l血 of
Ⅶ沈ks ha v eh3e ndo ne in vh ich
Fー
c affeine w a sgl V唱m p 七o pr egn a nt
a rdinals m ainly r ats a nd mice by
' inje ction. st m dl, 地 . in
ftd･Q fdtirddng w ate r. 土n. 1964, 触 冶 et all(7) r p rted
■ that
al一 :dbs e a sle w a s50 棚 of c affein e c o uld 地 e
c r ariiofa eial r`ralf∝Ⅰて肝ヒio n ･(0.9%) in rnic e｡ 〔bld畠tein et al.(8)
has･S obtaitd 2%- 7% in cide nt of'he ad Tn alfo m tio n in mic e at 75
喝 伽 掬 ′ ･h w e r; o也 治r 4W 〇rke r s failed ; 七o ･fjnd arty
m alf6 m tio n､at this do s e(9). =n ,1981Collin s ha s dbs e n 栂d
e ctr h ctyly'in ab ut 6% in r ats afte r tr e atrre nt with 80
Htgjkg/aay (10)i王 細 , Gi 此 七 et a1. (ll) cx) uldn ot･fird a ny
m alfotm atio n s 舶 inコeCted tats■with the do s ebut divided in
●
four dos es.
1
,
'sulliva n et ･･a1.(12) als o f d led 七o
'
pr odu a a ny
血1fo m tio n s 血 a total dai ly e m v u nts of 10 0喝 佃 t:affein e
in fo ur divided dose s w a sgl V e n七o･ChaLrle s Riv e r r ats 佃止dl a r e
●
kr m to e xhibit Tn al fo mtio n s 血 1 this m D umt is gl V e n出1
●
o n c edaily tr e a 拙 . Fhrthe m re, he als o r ep rted th t
m ate ml pla srra le N els of caffein e ri 紀 tO abo ut 80 pg/h1 ,afte r
single daily dose . of the ユOO 鵬 bqt n ainhird at le v els
a r o u rd 25 pg/hlL atte r the .s a 聡 tOtal dD S9S in fcn xpa rts at 6
加 s inte r v als. Fujiie七 a1 ‥ in 1 972(ユ3) f d spr agu e dE Wley
r ats with diets 00 rltaining 180or 330 喝 触 c affein e
though out pregnan cy a nd cbs e r v ed n o m alfo m tiα1S afte r 仕 氾
■
lo w e r r eg 皿 だn,.but r epo rted s LgPi fic a ntly in c r e a s ed inte E n al
ar° skeletal a m lie s.
afte r the highe r reg 卿 ｡ They als o
ird ic a[ted tha七 divided o r widely distributed 可o sage , a s･in
f d , c a n attAm te r atoge nic le v el,i
f the total daily intake is
r ais ed to a s uf ficie nt le w l a s
.
the 330 納 . n eda et al.(14)
ha v e s加 1 that ‡治ak rn a七e m al blo od l苧V苧1 a r e ･ab ut tenfold
h i如 r 血 80喝 佃 c affein e is adrnirds 触 ed と野 卵 ge 伽 n in
廿漁 drirdtiJlg W ate r. = tw a s als o s 蜘 th t 7%of･′ the fettpe s
fr αlga V aged Ⅱpthe r s h de ct3Td a ctyly. bt r a e of the ie 触 e s
加 o m. rro出 場 r S r e c eiving caffeir n in their drinking w ate r w e 玉野
affe cted｡ 伽 Ⅰ恰 St Pr e V al 如 ty Fe S Qf . m軌1 細 野 rted
r喝 a rdle s s of s匹 Cie s w e r edigキtal def∝ ts. a nd 甲left paLate ･
Defe cts of the 岳桓Ieto n, c r a niLP a nd eye? w e r e als o r mted but
w e r昏 Ie s sfreque nt. F m allof tb 卿 rtS, it is cle ar,that
c affein e ha s a,we* ptm tial a s a te r abQge nic.
･ in 脚 m e
lab r ato ry a niJrals a rd its dOsQge r ate i昆 .a factor in
dete rrhirdrg tb ti5r atqe nicity･.
va s c ula r dis n lPtio n. led tD･the 血 S e r v ed malfo mtim s w a s
prop s ed a s tb b弧is of c af fein eindu cxd rn al
fo - ti- s, sinq9
Ⅰ 細 s w e r efo nd within 1 2 bu r s of c affein einjeQtio n′ ard
m 叩 W e r e als o pr e se nt at the -u s u al tir 恰 Of killing rM 3 a r
deliv e ry te -･ Tb s e the o ry r
w e r e c o nfir nd ar° e xte rded by
Ba rtel et a1.(15), 血 als o dhc w ed that c)utside the Ⅰ 細 '
the 1 血b tis s u e saf Pa r ed 旭althyI S ugge sting that c affei･ 托
dcx5 S rめt C a u s e C ellde athwithin .th す血ryo･
F ujii et a1.(16) pFqP S ed tht せ把 V a S C ula r effe cts of
c affeine might te du e to r ele a s e of c ate cholamine into the
cir c ulatic n. They s up prted this hy pthe sis 王野 Sh mi g that
pr opr a n olo1, a b∋ta
- adr e n e rgic a ntagm istp r edu c ed the
eFrbryotQ Xic effe cts of c affein e. Haya s aka et all(17) in 1977,
sk 邦 ed a pt m tiation of c affein e e rrbryoto xicity in mic e by
p虻gylin e o r c o c ain e･ Pargyline i 血ib its rtm o amiJle d da s el th
rn aコO r C atab lic e n zym e of c ate cb la mie degr adatio nl Vh3e r e a S
i
cx mi e nh m c e s c at K b la min e actim 王野 blodk irg
n o r epinqphrin e uptake . Da vie s et a1.(ユ8) als o r ep rted that
intr afetal injectio n of c ate cb la min e s c a[u s ed de n a rd
●
加 地 in 廿 氾 1inb . FtLrthe m r e, in 1981E 血 z a a r et al. (19)
sIⅦ w ed t ht c affein e prdLIC ed a n in c r e a s ed le wl of
∞ t tic o ste r o n ein m 計ヒe r n al rEO u S ePla s m a. whi dl m dled a p∋ak
le v el 也 m tim e sg m te r tha n c c ntr ol a nd stayed w ell a 加
c o ntr ol le v els for at le a st 8 ho u r s. The w ell- kr m s e n sitivity
of mic e to gl皿 00C O rtic oidTindu c ed cleft 王迫Iate mke s its
r ele a s eby c af fein e a n at tr a ctiv e hy pthe sis tD e xplain the
m e cha nis m of the caffe血e - ihdu c ed 皿alf∝ matio n. =n 1982, Cla rk
et a1.(20) r ep rted 叫 co-abd miJ i str atio n of 血 o sin e
abgO nists arkl c af feir k in s q m e c a s e spte ntiated the te r 坤 ic
effe cts of c af fein e. 仇 迫 Of the m ) st publ iciz ed effe cts of
caffeine is its ability to r ais e c甜『 thr o ugh irh ibit o n of
如 s跡 地 este r a s e. cA 肝 ぬ s 加 治n ghc - to t治 血 畔)rta nt in
dev e1叩 m 野1t Of bth l 也ba rd 王迫Iate r the t w a n a血 c al site s
rrD畠t Ofte n affe cted I野 C affe土n e. = t is wrthy 七o n ote tht
c ate chDlamin e r ele a s ed o r ade m sin e r e apto r bl dade c o uld
p s sibly w ⊃rk tcgethe r七o in c r e a s ethe とA W le v els.
加 the r s e rio u s prob le m a s s o ciated 血th c affein e is its
ability to inte r a ct with a 野ItS ard indu a a te r a 軸 ic
r e sp n s e. At le a st thr e e r ep rts (21,22ard 23) ha v eghc w that
c affe血腔 in ados eと氾1ow it畠 te r atoge nic le v el m ulde rdLa m C e
出 漁 te ratq e nic p七ential of qytoto xic agents｡
Sin c ein viv o te sting sys七だm､n e eds a tr e rre rdD u Sin m st m t
of tiJr聡 a rld rr m ey ard the 岬 S Sibility to eli miJLate the
●
in v olv m t of m ate m l 野 S也 m , a v a血 e七y of in vitb 七esting
syst m ha s お e nde 陀1q ped｡ Chick 軸 p dr?s ophila, plan a riansp
r 血 七 errbryo, hydra at te rlu a七 (24p25v26,27v28 ard 29) et占｡
ha ▽e 加 盟 n intr odu c ed a s an al七e m tiv e｡ 血 肥 df 伽m is 触
embryo cnlltu r e o riginally de 帽1o師由 ユ野 Nc w (30), by whi 血
rna m lia n errb yo s c a nね m ai∫比 ain ed i皿 Vi七x:oin a m a m e r嘘止dh
mimic s 伽 ir in viv o de v elo伊 慨 It 触 I ng m ユdl Of the
■
orga m oge n e si 阿 土od, fr e efr c m 地 n al irrElu e n c e s･ Fo r that
pu rp s ep the e rbryo s a r epr ep r ed a sfo11訓 S,
･ afte r e xpl- ting
f m r ate m al tis su e, the 蝕 cidu a and r eic 胞 七
V
s Tr Wbr a n e a re
dis s e cted o ut, 1eavl叩 the 叫 with its vic e r al yo比 弧 Cv
●
a mio n md ∝ topla c e汀ヒa1 00 r nleft inta ct｡ 也 o rde rto ke ep 伽
e呼 b ted errbryo s 出1 加 st c 00d iti孤 d many aPPr -dh ha s 如実 肌
intr odn 伐d◎ 1 b rn e ntic n a fe w, the 叫 Ia s s c ultu r e (27)q
r otating 七ube s o rb t tle s ho riz mtal ly on r olle r s(31)p
o r
at ta ched to a r otating digk (32), cir culatim rreth d (33) or
the late st m tating･di gkQ Whi 血 c 弧 加 s 堺 1ied w 地 a
c o ntirlu O u Sflo w of ga s thr o ugho ut 伽 cul七u r e
sk淋 m in phtD l｡ V hte v e r
L
a押 m dh is u s edp
也 肥 n ml 地 ed in the p工e S e n C e Of pmfe r 7rd 山m
ard m intained at 37
0､c fo r ape riod of tiJr e｡
g ri d (34) a s
廿 腔 errbryos a r e
ard atrm sph3 r e
A tte rrnir nti皿
tiDrethe embryo s a r e eV al- ted fo r viability, grcnqth md degr *
of r o rptq en e sis･ Viab ility is ba s ed o n the o v e r a
l1 覗 革a r e n 伐
of 七旭 e nbryo sp the pr e s e 肥 e O r abs e n c e of he a rt 加 at -a
cir c mlatic n｡ C m n n叩 1e ngth a nd total pmtein o rtotal 工別A
c o ntalt a re 也s ed a s gr d and de v elofXr mt Par a q 肥七e r｡
地 軸 e m e sis is TrD nito r ed in se N e r al w 野 S 訊血 a s
di托 C't
a s s e s m en七s of c Nerall developT mt O r S C O ring syste m a s
de sigr嘩d by
'B m a nd Fabr o(41)｡
地 ese 加 Ie 叫 c u1七u ごe SYSt m lSIla V e如実 m u s ed in studie s
of m arIY 七e ratoge nic 王将e ntS｡ S 00e exarrple s a r e, eETtbryoto xicity
of adriartycin (35), t E atq e nicity of a c etald dlyde (36a nd 39),
te r atoge nicity of a spirin a nd its I肥 tab li七e (37), enbryotc Ddc
effe cts of E G T A- irdu c ed by 阿alc e mic (4 0) etc .
Altho ugh h m studie s shcnq ed m evide nce that c affein e
c Q nSⅧ ptio n by pr egna nt w m in c r e a s e sthe risk of b irt h
defe cts, 加 t tod c ol叩ists a r e c o n s e n s u s ab ut the o c c u r r e n o e
of the te ratq e nic r e sp n s e to c affein e e xp s u re dL Uing
pr egru nqy in lab r atory rn m ls, m airily r cxle nts. How eve r, the
I嘩 Ct mif m is sti ll I氾tly dehted. 地 肌y pmble m sare still n ot
urxk r stcx3d, 血 the rthe te r atcge nicity is the r e s ult of dir e ct
actio n by c affein e 阿 S e Or On e Of its m etab lite s. sin c eit
w a s mp rted that rx)t only caffein e bu七 als o its rE払コO r
●
rE etabolite s (Fu a X a nthin e, the ophyllin e a nd the obr mi e) a r e
fe d in c cnc eptu s afte r c affein e ad mi istration (8,14′42,43
a r血 46), o r indi∬e ctly a s a r e s ult of s om e m ate m al I 肥tabolic
ind3 ala n c etd 止d hoc c u r safte r the m a s siv edo s age of c affein e. = t
is t m t h tm ぬ m a1 血 city c o uld p s sib ly 土 血 e feta1
malfo m tions a s 叩 rtd 玉野 m e r a(44)
is als o r mt Ⅶ泊e r stc Kd , 血 thw th
prdu c ed in the da m o rin 也 治 e Ebryo .
kn wledge 叩 Study c o n c e rrdng c affeiJle
加 治n 阿 fo r Td in in - vitr o.
ard Ra vlock (45). エt
pm 8EiJn ate age nts I is
F W e rrrDre′ tO O u r
七e r atq enicity ha s not
A1 1 of the s e, tq ethe r with the ab ility of c affein e to
inte ract wLth othe r age nts to indu c e a七e r atogm ic r e sp n s e a s
alr e ady me ntio n ed, le ad u sto 阿 fo m this std ie s u sing N ew
-
s
血 ie enわryo m1 触 e syste m, the mtating disk tdith c mtinuo u s
ga s supply, which allc w s u sto :
1･ Elimir nte tb m ate m al syste minflue n c e｡
2. Ex ami･n e te TatOge nici七y ef fe c七S of c affein e a nd its
metab lite s epa r ately｡
3｡ Co ntrol pr e cis ely the cc n c e ntratio n of c affein e o rits
m etabolite s to be added.
4･ Contr ol the le ngth of the e 野 s u r ePe ricd.
By this, w 巳inte nd 七o in v e stigate the fo11 叫 m at七e r s‡
1. The pt m tial of c affein e a nd its I 噌tab lite sin
indu cing m alfo mtio n.
2. The 叫 o uptake c apa city o n c affein e｡
3. The te r atoge nicity effe cts of c affein e e nd its
m etab lite s Q ndiffe r e nt stage s of ge statio n.
管
P hoto i. The r otating disk in str u【TVn t u s ed fo r
c ultu ring.
Pa rt == E FE m OF 耶 エN E O N C m mR A T fD4B〕和に芯
エt ha s alr e ady m e ntio n ed in part =, that the c a u s e s of
m alfo mtio n s obs e r v ed in a n血 I afte r c affein e ad mi.nis七r atio n
is stilln ot 血 e r st d p it mlght 加 dir e ctly pr c mted ⅠⅣ
c af fein e o rits rrctab lite s o rindir e ctly a s a res ult of
m ate r n al syste mi d 山e n c e s｡
1 bpr odu cx5 a C C nge nital rn alfo こ mtio n s, e n age nt n ot 001y ha s
to be gl V e n at an aW r OPriate do s age, but als o ぬ s to a ct at a
v e ry pr e cis e rr mt du ring the rn o 軸 sis of the 母由ryo ･
T hu s, it is v e ry ユJr哩prta nt tO Set uP the m rDu nt Of c affein e a rd
tb le ngth of the e琴P S u r etO と妃 Ch lle nged befo r epe rfo rming
the in vitr o s叫 ｡
=n this pa rt, s 甲 1 stLd ie s u sing wtple errb yo c ultuz:e
wticb p mit u s to eliJrLin ate the e rd3 ryO S fr c m rnate m al syst即I
inf 山肥 n C e S, a rd to c Q rltrOl the c affein edo s e a rd the lmgth of
the e3qPS W e‡冶ri di W e r e阿 fo H 肥d in a n at tenpt 七o;
1｡ In v e stigate the effe cts of c affein e o n 001tu r ed r at
e 汀わryo s at di ff鮮 ent St粥
.
e S Of ge s也tio n.
2｡ In v e stigate tb e Ebryos l 良 c ap city o n c affeir 治｡
A N D m Q DS
弧 旺(コl工ぶ
Bqhydm u s c affein e w琵S 伊 ∬ ChaLS ed fm Naka r ai Che micals,
L td. , Kyoto, LJapa n｡ O the r r e age nts us ed w e r e of a n alytic al
gr ade .
ÅN=B4AIB
Spr agu e Dawl野 r atS, ab ut 10 Ⅵ 治ks old, w e r e u s ed in all
e xp r血 だntS. 叫 w e r ekept at r o 皿 te uP r atL m (2斗 ± 2
0
c) a rd
e )申()S ea to al 也 n a七丑 12 ho u rCycle s of light ard da rkn e s s.
伽 ℃ia1 1abrato ry d氾 W a rd tap w ater vQe r egi v e nfr eely
■
王児fo r e ar泊 du ring 叩 r m e nt｡ Fe mle r ats . we r e rnated 血th
■
ind ividm lly c aged fe rtile m ale at 4:00P.M ｡ n e pres e n o e of
vagin al plug at 9;00 of the foll mig rrK) r nirg ird imted that
∝花札11atio n had o c m ed a nd was design ated a s z e nday of
ge statio n.
C m =N EC〔 脚 Ⅳ∬Z(肘 IN SE m 淵 D Fm P u m A
A sirgle do s e of 250 納 caffeine in 0.9% N aC1 昏01uticn
w a s ad miJ止ste T由 o r al ly to pregnaLnt r ats qn day 12 of
ge statio n｡ A t 2 a nd 24 tx )r s after せ 氾 administr atiQ n, they
w e r e a n a e sthetiz ed wit he 地 ard akx5 mi 1v ein bl∝ 泊 w a s
c olle cted. Se w w a sdbtain ed by ce n七ごifuge the bi d at 2500
rp . fo r 5 min ute sこ Afte r taken out tb ute m sfr c mthe da m,
co n c eptu s w e r et b expla nted clut f m the lefty C e nte r a nd
right side of 七he 止 e m s｡ 竹 治 S e m m mPtu S 佃止dh called a s
fetopla m ta w e 托 加 岬 土z ed in 3 ml of d.9% NaCI s olutio n
u sing ptte r elv ehje m k m 叩 miz e r.
●
The s a m e c affein edo s ew a s als o gl V e n O r ally to rlQ nPr egn a nt
rats. se r a of i, 2, 4, 6, 12a nd 24 ho t u s afte r administr atic m
w er e (汰)tain ed a sde s c ri M.atm e.
caffein e c Q n C e ntr atiQ n in se w a nd fetopla c e nta ha rq e niz ed
w e r edete mined sp c 坤 tcxT etric a11y ac c o rding to A 放 1r od
-s
rnet M (47) at 275r m｡
E m O F (訊王甘電工和己 伐寸 C U L T UfC D R A T fD4BfW C 6
using a ste r e o s c opic d is s e cting 血 c r o s c o野 p C O n C ePtu S Of day
●
llpr egn a nt r ats w e r e eXPla nted frc mthe uterin eho - in a dish
of ste rile tyrde sK )1uti皿 押 7｡ 4 , afte r ∬ 即 ロVing the
r eiche rtls TrEyrbran e c a r efullyl the e ctopla c c ntal c 皿 e W a S伽 m
tr血m 由 (如 to 2). 功 e errd3 rYO 甘止th its vis c e r al yo比 s a c･
e c七叩Iac e ntal c c n ea nd a -ion left inta ct w a sせ1 飢
r e ady fo r
c ult w ed｡ The e Trd3ryOS W e r e r a nd dy pt into a c ultu r e bt tle
c o ntaining 5 ml of sterile s e - (pre
- he ating at 56
0
c fo r 30
miute s) 血ich wa s obヒain ed afte r iJrT腔diately c e ntrifuge the
bled f m a o rta 蜘 Iis of h皿 Dlbgo u s r at at 2500rp for
5 minute s, a s m由iL m･ And th 飢 Pr ein mi ted fo r 2 ho u r surde r
g m tle r otatio n (c｡ a 30 rp ･) at 佃 野 rature Of 37
0
c a nd with
ste riliz ed･m - e gas of 5% C O2
a nd 95% 02･
To the c ult m
Tr由 iⅦ n.a s e rie s of c affeine at fin al c -
c e ntr atidn of 50, loo,
200o r 30 叫g/htl in tyr ode s olutio n w a s added ard 血a11e nged
fo r 24 加 s｡ Co ntr ol dryo s in ste ad of c affeine w e r e七 陀 ated
with O｡ 1 血 tyr cxie f301uti- ･ Afte r the
'
challenging pricxl, the
ertbryo s vQe r e W a shed , 3 t血 肥 S 血th tyrde f mlutic n ard w e r ethe n
ofXn ed their vis c e r al yo 比 s･a c a c c o rding to C 血 oft
l
s rr Bせ 氾d
(50), by rn akirg a c a r eful in cisio n (do not inju r e a ny m ajor
ve s s el). The 叫 o s w er e the n pulled out by the he ad､･ .Af也 r
tak ing o ut th a miotic flui dl the -1也 江 e W a sthe n c o ntin ud
fo r ar氾t k 24 ho u r s with fr e sh 血 iu m in the abs e n c e of
c affei∫1 e.
ThQelv eday olderrbryo s w e r epr ep r ed s 血 1a rly a s de s c rj 地
ab v e, e xc ept tht the vis c e r al yo比 s a c wa sdir e ctly 堺1
10
befor e puttirg the m into the cultL m bot tle｡ Afte r
pごe- in c ubation fo r 2 hclur Si, 也 e c affein e dos age w e ごe 曲 d to
the c ultu r e rrd 血m 甜姐 血 11e mged fo r24 fx)urs･ Cc ntr ol e rrbryo s
in ste ad of c af fein e w e r etr e ated dth 0.1 ml tyr ckk s olutic n｡
Afte r 七土鳩 d 姐Ilengコng 阿icd, the 叫 s w e ごe W a S王威 3 t血恰 S
■
with tyr ode s olutio n a nd the n c o rxtin u ed 也e c ultLXr efo r
a n othe r24 加s with fr e sh m ∋d 土u min the abs e n o e of c affeir n｡
Another s et of 12 da[y ?1d ezrbryo s w e r(prepa red si mi la rly
a s de s c rib∋d atm e) c nltL U ed wit but of mi g the visc e r al yo比
s a c(pbto 3). Aft u 2 ⅠⅦ n r s甘r e-in c uh tic nq they w e r e也氾 n
001tu r ed fo r c nly 24 ho u r sin the pごe S e nC e Of c affeir 妃｡
som 望 enbryo s of tx 3thll and 12 day of ge statio n w e r e rM 3t
cultLLr ed but s e m e且 a s 2;e r ehc)t u c c nt m 1中 恐 妃ir c m n n叩
1 叫 and pr otein c c nt∈肌t W e ∬e mTdBd｡
A t the e rぬ of the cult m 阿 icd′ he a rt t m t･ard 叫
cir c ulatic n w e r edhe cked｡ 叫 佃止d1 由比沖縄泊 地 ぼ七 bat lo ぼ
th n 110 t 血俊 S P r miJ lute W a s Om Side r ed u r Niable ar°
dis c a rdedA Viable p e mbryo s w e r e cle a n ed fm all I【田lわr a n e
attached ar血 e x amiJ d for pQ S Sible 触 n al 珊alfo mtio n e nd
photcw aph｡ C m 叩 1e ngth a nd pr otB 血 ∝ 血 t w e 托 u S由 a s
de v elqTe nt Far a -te r｡ h e p -te 血 ∝ 地 t w a s dete rmin ed
a c c o rding to the m ett拡姐 of 叫 et all(51)･
コユ
Fig m i- B4ating s c触 b le a rkl e 3qPe r 血 tal de sign
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Photo 2 : Ele v 飢 day oldoTbryo a 昏ju 8七 e xpl加地d fヒⅧ l 廿冶 utW ine
ぬ 11(left), 窃nd aftu 珊 Ⅴむ唱 tk!ci d凪 ind rci dlert m 飢 - I
br 弧 e(ridlt). The 捌 Pints to the 紀tm18 C ent m e.
恥 tx)3 : T welv eday oldgThryo (s e e m地 軸 ve)･ The 軸 is
ctiltL md wi廿血 o r withqx れ the vis c 町 al yo比 siaC(E m ).
FQ rdetails Be e 血 ia18 甜1dTTe甘 地 .
1 3
A E S U L TS
S m Cm = N E エO N 丑す P 沌C 別品N℡ A m N CIN P脚 跡Ⅳ 脚 S
如 sk淋 m in figt u e21 the s e r - c affein e c o n e -tr atio n in
n c'npr egn ant r at dec rpa畠
1
ed gr adu ally a 5年 ftm ctic n of tirre･ Pe ak
c o n c e ntratio n w a s rea ched at 2 ho4X声 afte r the single do s e
abdministr atio n at a level 血ut 145 ･リ*/hd. . The c c)n∝ ntごatic n
w a s de c r 飽 S ed to ab ut 75 リg/htl at ,
24 hotu s afte r
血 止sヒr a七 血 .
b n v e r s elyp pr egn a n cy s e e nd to canse delayi ng O n CaffeirM3
■
eli min ati皿 r a[te, a S tt氾 ∝ 肌 Ce ntr atio n at 24 hotu s w a s still
abut tb sa m ele v el a s at 2 ho u r s
■
(ab ut lo owg/h1)｡ Altho ugh
c affein e o 皿C e ntr atio nin fe七巧)1a o e 汀ヒa was fo d lo 舵 r th an in
s e m, 加 t tb ir eli mitio n pt te - w e re siJtd la r (tab le 1)･
vh te v e ris 世 紀 .㌔ C a u s e Of the eli min ation d is c r ef m CY i
n
諮
pr egr mt aha r K'rlP妻車嘩串 rats, at lea st ab ut 100vg/hd･
c affein e w a sd Ⅳio u sly ivai1曲1e up to 24 ho u r s
'ihs e m of the
l
l
pregn a nt r at･ B 誰 由 c n､th is finding, caf feine at c m cx ntr ati-
of 100pg/h1. e 那 s e f牢 24 ho u r s w a sth m stated a s ぬ sic
c Q ZiditiQ m七由 始 ug 由 in fdrthe r studie s･
EF甘m O F C m コ封E C肘 12 D N R 邑正(c ultu r ed within the yo比
s a c)
The pr e s e n c e
-
of 100vg/hl c affeihe in the 血 山m rrarked ly
redu c ed the 叫 de v el 耶 打ヒ a s dlC - by s lgr止fic mt
r edm tiQ n Of fm tein c ontin t ard c - rt mp le ngth (tab le 3)･
地 7nic r o s c cp e mi tio nr it w a sfo u rd that c affein e c a u s e
d
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se m c on c e n七エ atio n of c affein e afte r administr ation of
single o r al dos e of 250 納 c affeiJle｡
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he m t m a r o u rd 珊a Xil la ry site (rh to 4) in 21of 29tm ated
errbryQ S(72%)･ 地 h瓢 故 地 由止dh k m ted at fp托
- 1iJrb site
(紳o七o 5) w a s als o fe d in 4 of the tr e ated 叫 s (14%)
■
a s
s 加 1 in tab le 2･ = t sb uld上治 n Oted t h tat 飢 d pint 伽
ba rt 七治at Of b⊃th tz?e at m t a rd c c ntr ol 軸 s w e r ed mppd
to 血 1t 50t血肥 S ‡冶r min ute.
凍.
E皇E
涼
L
E m TECrS OF C m 皿拡 Ⅷ12
'
: 払 冨 脚 E M BZ U CS (c ultu r ed withq 革rl
yolk s a c)
･
L^若ゃ,
Ⅶ 肥 n 地 軸 s w e r e c u1也 ば ed with､ 甲 ､+号 yO独
:.…tr ,革甲 ' the
pr e s e n c e of 50 ard 100叫g/hl c affein e in
■
由畠 TrW u R
r
aidm t
redu c e the 血 yo s d w el 耶 止 p e mte r s(table 4.5 a rd 6),
触 . 100岬 hl c affein e w a sf 血 to c a u s e,m alfo 芯m atio n s a s
sho rt- tai l (tail dz mge) j血 3 of 9 treated ed)ryos(33%), in
佃止d1 2 of せ旧 n als o sk 湘ed fa cia1 蜘 pla sia (fa cial d珊 ge)
a nd fo r e- 1 血わ ah o r m ality (table 7). 工nc r e asing tb caffein e
do s e to 200 o r
1
300 pg/htl, c a u s ed rrD 代 印わryo s 血th
m al fo m tio n s, a nd als o n z:kedly irh ib ited th 昏血ryos
de v e1 耶 n亡 a s s加 m I野 signi ficant r edu ctic n of their pmtein
c mte nt ard c r o w n rt Et甲 1e mgth. 触 七 血th 200llg/hd. , c a u s ed
3 eErbryo s shc nQed g brt- tail( fa cial hyp pla sia aLnd fo r e
- 1j 血
abm o mlity r･ 3 邸 わ工YO S With fo r e
- 1i∬わ ab K) mli七y a nd
sI℃ rt- tail,･ o n e with fore - 1irrわ ab m m ality and fa cial
hy p pla sial a r° a n othe r on e w a sfourd with dD rt- tai1･ Thu sl
additio n of 200pg/hl caffein e c a u s ed malfo m tio n 8 of 9
tr eated e rbryo s (89%). T 托 a 触 n七 血th 300 vg/h n caffein e w a s
fourd to c a u s egho rt- tail in 15ed)ryos, in dLid1 9 with fa cial
17
o 也)
( 仁
＋) O
,c: ql
bD
Ir＋ ･＋ユ
h d ･
ヽ ー ′
‾ ■'
ヽ
I
d､ ∽o E rO
臥 0 Q
h ･P J]
,c) d ･P
E E: q)
4) 0 ∈
E
rロ rロ
4) 4) 己
.P ぷ d
d､･P
4) U)
h ql rl
JJ O (8
･ rl
O a h
G O ¢
1
'il ･rl ＋)
4) 1J a
ql a E
ql O
d O 4)
O r+ 4)
∽
■
.q)
ぷ ∽
′ 一 ､ ＋J rJ
.
”, ･ rl
q･1 0 d
4) , ＋) ＋J
rl a)
ヽ ー ∽ rロ
ヰ⊃
0 仁; h
h ･rl 0
h O トI
,a D. ､ ー
己
Q) > q)
0 =P.
.+ h ･rl
t
O h ∽
h. a＋J .0
F: ¢ E
O . .亡
IL
･ rl
U EJ ド+
● ●
寸
0
.ド
O
j:
FLI
18
Tab le 2 恐恐 Ter atoge nicity Effects Of Caffein e On 12｡O Day
如 上 Errbryo s
Caf fein e
(pg/h1)
E e m a ヒ o m
.早
i
b4a xi 11a ry Fo r e- 1 加わ T b ta1
o 18 0(0%)
100 29 21(72亀)
0■(0!) 0
.
(0%)
ii14%) 25(86 %)
he e mbryos w e r e{ 瓜 Ib∬ ed fr q m ユ2,0 也 13,0 day with the≠
vis c e r al yo比 s a c left hta ct｡ The r e s ult w as obtAned frcn
●
thre e s e rie s of 呼 r 坤 ts ･
FhotD 5 : Cg ltrbl 即わryo･(left) , CaffeiJ嘘 也℃a蛭d eFbryo (ridl七).
廿把 ar T り〟points tD the 1∝ 地 cn of 廿Ieh 如 凪 at
暇 d 11ary Bite (fw details s e e
て
7Tnteria1s mdTTethods).I
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Tab le 4 Effe cts O fCaffeir 氾 伽 The 【始 velo 阿 t Of 12｡ O Day
叫 o s
Caモfe土n e
(リg/ht1)
Pr otein Cont mt Crcw I RuI野 Length
(岬/dTbryo) (rr m)
0
100
ヨob
4
9
9
4430± 32
4406± 26
4187 士 17*
9｡ 51± 0.01
9｡ 43± 0.03
9. 22± 0｡0 3☆
Rat 由ぬryo s w ere c ultu md with yoユ太 s ac ofX m ed fo r 48 bu rs ･
Ea ch of tb do se w a s added 七o the c ult w e rrd im du rimg 七he
first 24 hm r s. The p m tein c o n也 It a nd c rown r叩 1e ngth･ at
z e r ohour w e r e1092 士
■
1 0 岬/由 おyo a nd 6. 34 士 0.
.02 m m,
r e s‡革Ctively.
Ea ch value r epr e s ents the m e a n± s･ e･ m ｡
☆ P〈O. 00 1vers u scontro1｡
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TQble5 Effe cts Of Coffein eOn The Dev elopm e nt Of12.0 DQy
Emb｢yo s
Tre e)tm e nt ” Pr otein Co nte nt Cro wn Ru mp Length
(ug/nl) (リg/e mbryo) (rrm)
Non e 叫 叫88± 27 9.55± 0.02
50 8 叫7q土 28
500 10 4257± 15
＋
9.5 1± 0.02
9.10＋- 0.05
＋
Rot embryo s w e r e c ultured with yolk- sac OPe n ed for 句8 ho u rs.
E□ch of the do s ew qs odded to the c ultu remedium fo rthe
fir st 24 ho u rs. Protein Co nte nt C nd Crow n Ru mp Le ngthot
z e roho u r w e r e1120± 15リg/e mbryo q nd 6.12± 15n珊 ,
re spec tiv ely,
E□ch of the v qlu e ｢ ep｢ e s e nts the me q n土 S.E.
-'
p<0.001v e r s u s contr ol.
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rJ:able 6 Effe cts Of Caf fein e On 恐 氾 加 v elop m t Of 12｡O Day
E hbryo s
触 atrr mt N PごOtein C mte nt C∬o w nRLntP L a gth
(tlg/h 1) (い 柵 ) (m n)
l加Ⅱ 腔 3 4979士 22
30 0 6 4274t 33*
9｡ 50± 0｡ 02
9. u ± 0｡04*
Rat 血bryo s w e r e c ult w ed w 地 yo比 s a c ope n ed fo r 48 ho u r s｡
ELa ch of the do s e w a s added to the c ultu 3Te 威 u mfo r the fir st
24 bm r s｡ The p m tein c o ntent a rd c m n 皿申 Imgth a七 z e r o
ho u r w e 托1429士 35pg加1 a rxi 6. 22 ± 0. 02
＼
rEm. m S野 Ctiw ly｡
Ea ch v alu e 叩 e S e n七s the m e a n± s.e . m ｡
☆ pく0.001v e r s u s c o ntr ol.
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蜘 La sia ard fo r e- l也b abm m lity,
･ 3 with fa cial hyppla sia
a nd 2 血th fo r e- 1 地 atm r mality ar血 a m other on e w a sfわu nd with
o nly fo r e
- 1 地 ah o r mlity｡ bu s, c - c e ntr ati - of 300リg/htl
c affein e c a u s ed r alfo m tiQ n Sin all of the tr eated e rrbryo s
(100%)｡ Pr otein c c nte nt a nd c r o w n r urp l 叫 of c o ntr ol
eErbqo sin c r e ased ab ut 4 a rぬ 1｡ 5 tin e s, 托 SPe Ctiv elyp ccxrp ed
七o z e r ol m 叫 o (tab le 4,5 a nd 6) ｡
加 to 6, 7 ad 8 dh dthe eTrbryo afte r c affein e tr e a也 肥 n七･
E m OF C細管電= N E CNllD2 u R AT E MB EⅨ方
Ⅶ媒訂1 ll day of ge statim errbryo s we r etr e ated with c affeir 胎
at c o n c entr atio n of 50リg/ht1, r x)t a ny rnalfo m tio n w a sfo u nd,
a rd tbir dev el 耶 Tヒ 阿 a m ete r S W e r e ∝岬 r ab le to the c mtr ol
ertbryo s｡ Althc)ugh c o n c e ntr atio n of 1 00pg/h Lc affein e c a u s ed
sb rt- tail in O n e Of 10tr e ated ed) ryo s (10%), bu七 it d idr めt
r edu c e tbe 叫 o s dev el 耶 1七 p r a m ete r s. A t 200 リg/hn
c affein e c a u s ed fa cial hy p pla sia in 3 er血ryo s , in 佃止dh
one with ghD rt- tail. W the r o n e shtxn ed o nly sbrt- tai l. m l S,
m alfo m tio n s w e r e cbs e r v ed in 4 of 廿妃 8 tr e ated .e mbryo s
(50%). 地 上 with 300pg/hn caffein e w a sfo u rd to c a u s e
sh) rトtail and fa cial hyppla sia in all the 5 tr e ated e mbryo s
(pbotD 9), 土n 佃止ch 3of 也 甜 I als o with fo r e- 1 血ぬabm rpality.
b th c o n c e ntr atio n of 200ard 300リg/hlc affeine c a u s ed gr c nFth
r et mdatic n a s s加 1 by s ignific a nt r educTtion of tb ir pm tein
cc nte nt ar° cro w n rtErP le ngth (table 8,9 H ld 10).
pr otein c o ntm lt End c r cRm rl∬呼 1e ngth of c o ntr ol embryo s
inc r e a s ed 七o ab ut 7 a nd 2七iE e S, r e Sf治 Ctively′ c a p ed to
z e r ob u r erわryo ｡
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Tc)ble 7 Terqtogenic Effe cts Of CqffeineOn 氾 .0 BoyRot
Emb｢yos
Cc)ffeine N FqciQI DQmqge T8il Dc)mqge Abn.o r mQI Total
Of Limb
(tlg/ml) (X) ほ) ほ) ほ)
No n e ll 0(0)
50 8 0()
100 9 2(22)
200 9 句( 叫)
500 16 12(75)
0(0) 0(0) 0(0)
0く0) 0(0) 0(0)
5(55)
1
2(22) 3(55)
7(78) 7(78) 8(89)
15(94) 12(75)16(loo)
Embryo s were cultured with yolk- s ac opened fo
.
rA8 hou rs.
Ec)ch of the C□ffeine do s e w qs added to trhe cultu re me
'
d iu m
fo rthe fir st 2qho urs.
2 5
Fb tD 6 : bbryo 地 d wi 也 まカ JdhAc af fein e(曲 ove) , Cut- i errbryo (be -
1o w). 廿肥 e m Pint tx)t h b∝ 止im of t he l 泊1f 也Tlぼヒio 帽 ･
(a)Fa cialt m la sia , (b) 馳 七tail e nd(c)Forelink dbn orTnality･
2 6
Photo 7: ErTbryo tz nぬ d with lCD d ml cafrsin e(如 v e) , 伽ー 加キer,bryo
(belo w). T he ” point tx)the l∝ aニヒic n of the r 限1fc m 13tio 帽 .
(a) 隷 氾 ,七 tail and(b)F肝 e liJrb 如 Ⅶ 止itv._
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Tab le 8 馳 ratogenic Effects Qf CaffeirM 3伽 11｡ O Day Rat 放
心ryo s
caffein e N Fa cial- Da mge Tail- Da m age ･Abm m l
lbta1
of 工止血 ,
(pg/ht1) (%) (亀) (亀) (亀)
0
50
100
200
300
8
白
6
8
5
0(0)
0(0)
0(0)
3(38)
5(100)
0(0) 0(0)
0(0) 0(0)
1(16) 0(0)
2(24) 0(0)
5(100) 3(60)
0(0)
0(0)
1(16)
4(50)
5(100)
Etrbryo s w e r eCultu r ed fo r 48 ho43 r S･ Ea血 of the caffein e
c o m mtr atio n w a s added to the 001t w e 榊血 u m fo r the fir st 24
血 s.
Tab le 9 耳ffe cts Of
■
Caffein eCh Tb n訳7 elopr mt Of l1. 0 Day
政ぬryo s
触 七 N P mtein 触 氾t Cr o 弧Ru EP IJe mgth
(”g/ht1) (tl 触 ) (rr m)
N m e 4 2558± 25 7. 55 士 0.0.2
50 8
■
2498± 30 7. 48 ± 0. 04
Rat ertbryo s w e r e c mltu red for 48 hou rs･ The c affein e
do se w a s added to the c nltu r e m ∋d iⅦ n for the fir st 24 hour s.
飴 ch valu e r epre s e nts 廿 妃 m 王a n± s ･ e･T n･
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加 b 8 : Errbryo 鵬 やth
■
卿 idhd･ c affein e(ri 如) I Ccntry31 erbryo
l
勺
†,
(left). Theて▲
i
血 慨 W 如ints tx)the f m lirrb 細 胞1iq+
fhoto 9 : Ele ve ndew O=d 軸 o乍咋ated wi ihま刀 心 血 c afrein e(ri蔚ヒ) , Cn -
i m l 軸 (left)･ ble ar m S･PO 出 や the lcc a=ti皿 Of the -ifo r-
rrEltiq 胤 (a)女a cia u m la sia end(b)S3w t tail.
3 0
E M B 取O U P TA K ECA PA CI T Y(肘 CAFF EエN E
As sho wn in 七ab le ll, ab ut 55to 6 8pg/hLof the c affein e
w a s able to ‡氾S S thr o ugh ･ 伽 vis c e r al
∧
yo比 s a c after
ゾ
cultLL rlng
■
fo r2, 4 a nd 24 hD u r S血 the pr e s e n c eOf loo･vg/htl c affein e｡
Table ll Caffein eCo n c e ntr atic)n =n･蝕 miQ n Fluid
TiJn e
(hr)
工n Vitr o 工n Viv o
(岬カnl) (”g/ht1)
2
4
24
68. 09 93. 09
60.85 80. 77
54. 61 70.35
The in vitx o data w a s QbtairMd､afte r
.add ition of lOO叫g/hl
c affein e to ･ 蝕 c nltu r e 血 m of day 12.0 ed)rye .
I 恐】e in viwo
data was a)tain ed at the stated tiJre afte土 tr e ating pr egn a nt
r at c n 12 day of ge statio n witha single do s e of 250 納
c affein e o r ally.
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D =S aSSエ(封 肌 S【 脚
工t w a sf 血 tbt the ptte m of c affein e c o n c mtr atio n in
■
s e m diffe r s 加 地 m pr egn mt ard n o npr egn a nt r ats. 工短Iayl ng
o n caffein e elinin atic n w a sdbs e r v ed in pr egn a nt
L
r at, up to 24
bu rs after ad mi istr aticn the m n c e【1tration is stillabut the
s a聡 Ie v el a s th t of 2 血 s ( 血 七 100 LIT/hd.). blaring o n
c affein e e1 血tin ation w a s als o ごePO rted in pr egn a nt w m (52),
ard othw ard m ls (53). Bra zier et al.(54) ha v e s ugge sted that
the delay in c affein e eliJ nin atie n nay t治 r elated 七o the
in c r eas ed of fe mle ste r oidal ho m n e s血 irg pr egn a nq , o r m ay
als o 加 r elated to m ate r n a1 血 city whi dl m u s ed alte r atio nill
materTP1 如 sio1叩y a S a r e s ult of the high do s e c affein e
treatzrE mt (250rrg^g).
Ⅶ 鳩 n 12 day olde mbryo s w e r ec ultu r ed fo r 24 加s within
their visce ral yolk s a c, they w e r efo u rd gr mi g prly a s
s加知 m 吋 1o w p m tein c clrlte nt a nd r edu ctio n of c r c n m rtq
l 叫 J■ abut 56% ard 89% of their r e sp∋ctiv e le v el of ll day
ed ryo s 佃止ch c ultL Ugi fo r 48 hot us (eq pl 七o 13 day old
e mbryo). =t
■
wa s re 卵 that in in - vitr o the alla ntoic
pla 伐 Ⅰ止a i畠 r K)t fu n ctithed a s w ella sin in - viv o. 飴 spir atio n
md n utrie nt s 噛 1y in in - vitro is g m e r ally do m ethr o ugh the
vis ceral yolksac c x ch ngel 比 湘 eVe rt at 12 day of ge statim tb
yolks a c 晦 iru= 七o stop functio nirg (30,50). Sin c ethe yolks a c
of ll day 叫 o s w a s ofX n ed afte r the fir st 24 ho u r s(equ al to
1 2 day oldcFd3rYO) thus, the p o rly gr o wing e nbryo s mi_ght t治
du e to tr氾 血 岬 ft nction of the yolksac.
Å1thugh hm t m s 阿 S e a r e n ot rralfo mtiQ n.S, their
32
pr e s e m e(72%ard 14%at rnaxi11a ry 弧d fo r e- ユi血 ′ r e s 紳 栂1y)
sug ge st a m 血 止9 n 叫 m alfo mtim s c 訊1ユd ･h己V e b 実 肌
irdtiated du rirg fetal li fe･ An a s s o ciatim 触 Il the :,
u cnu r en ce of b即 tat m illthe he ad a nd tailard the s血 s eqpe nt
m alfo mtio n in the s epa rts afte r tr e ating r at with ho m s
血 ∬ing pr egn a ncyha s b 光rl r eP rted 王野 Jost 声ヒ al.(55).
Only at c cln C q ltr atic n of 1 00叫g/hl c af申iJle S 舶 a 七n 冶
叫 icity effe cts, sin c eit indu ced m止fo m tiQ n but did
n ot influ e n c etb enbryos 由 v el 耶 比 .
Caffein e at ∝ 氾 C e ntr atio n of 200む泊 300pg/htl Ⅶ 氾ユd ね
tx 3tte r tO Clas sify as e FbryotQ Xic r 地 r tha n te r atq e nic,
s止 氾 e 也 ey als o m a rkedly r edu ced tb dryo sde velop喋肌 t.
F tc m allof the data, we s u m m a rized that :
1. A tle a st ab ut 100tLg/hd. caf feine w a s a v ai lable in
s e n m of pr egn mt r ats up 七o 24 bu r s afte r
血 nistr a七iQ n Of aL Shgle o ral dose of 250柳 g
c affeille.
2. The c o n c mtr atio n ca wed l 触 ぬ added 七o the
c ultw e 血 m of 12 day old 軸 s wt止dhmltu r ed
Q nly fo r24 加s within their vis c eral yo比 s a c･
3. 放》 肥V e r, 血 n the 12day'old e mbryos w e r e c ult r ed
with ofX n l ng the vis c eral yo比 sa c fo r 48 血 sl the
■
∝ m c e ntご atio n (100pg/hn) or h ighe r■(200o r300リg/hn)
we r efe d to 止血ユC e m alfo m tio n s(the c affeir c w a s
added to 廿 把 C ult m e ∬e且止m 血江ing the fir st 24
hD u r S). A tlo w e r c Q n CXmtr atio n (50≠g/hd.), c affein e
didnot c a u s e a ny rnalfo m tiQ n O rgr d r etardatio n･
4｡ Si milar effe cts w e r ed 泊 e r V ed with ll day olderbryo s,
hlt in lo w er qpz mtity･
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丘顧
5｡ T5TPeS Of malfo m tio n s obs e r v ed in both stage s of
ge st&tio n w e r efa cial
∫hy p pla sia, 盛10 rt一 七aila nd
fore - 1 地 abr D mlity.
6｡ hly at､dhce ntr atio n of l OOリg/hlc affein e a cted a s a
tr u e七e r atcge nic. A thigtcr c o n c e ntr atio nt治 Side s
te r atoge nic, it als o a cted a s e rd3rYOtO Xic.
7o fhd}ryo s o nday 12of ge statio n w e r efo u nd rro r e
susc eptib le to 由 indu c ed by c affein e, c 叩 由 to the
h00 o1叩 訊1 S 由bryo s o nll day of
･ ge statio n.
8こ Sin c ethe 血a七e r n al influ m a s w a s elim出Iatedl
■
thu s the
te r atq e nicity d bs e r ved w a s
r definitely c a u sed by
c affe土Ile土ts elf.
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Ⅷ エエ工 E F F EC T SC貯 Ⅷ (I)HY L L 皿拡 A N D PARA m = N E(那
C V L: m .即 ED4B R Y OS
=n 1980, Å1dridge et all(56) r epo rted 伽 t in additio n to
c affein e, theqEhyllin e, 阿 a X a nth in e md the obr mi hav e als o
b詑 n fo u rd in te agle 隅 I e S 血 1e blo cxi, foll 叩 intra v e n o u s
●
administr atio n of c affein e｡ 触 e n七1y, Jirita n o et al一(46)
r ep rted the a v ailable of the thr e edirn ethyゎこanthin e sin bl 血 ,
a m niotic fluidand fetu s afte r sirgle o ral administr atio n of 80
鵬 c affein e to pr egn ant r ats o n1 2 day of ge station. At
thr e e ho u r afte r the admir止stratio n. it w a s fo u nd that
阿 a X a nthin e le v el w a s the highe st 仰 1g th thr e e
dj血ethylx a nthin e s, fo11仇 把d 上野 the of*yllin e a nd the ⊂ぬr mi (7. 5
, 6. 8 a nd 5.6Jr m lノ血1′ r e革pe Ctively). 政 m ati et a1.(58) als o
fo u nd that Fa r a X a nthin e level w as slightly h igher aqrm g the
thr e ed 血tethyh mthjn e s afte r a n oral do se of 350 叩 C affeime
in 柑an . Sq r 肥 Othe r w D rke T Sals o r ep rted the a v ailable of the s e
th ee diJrethy出払 n七tdn e s in bl∝d a nd c o n cxeptu s (8,14,42 ard
43)｡ So fa r, n Q Othe r retab lite sha s 触 n 叩 rted a v ailab le
in c o n c ep･tu s.
on th o七Ⅰ鳩 r ha nd, in 1978 Soyka et a1.(59) r ep rted 廿把
p托 S enC e Of c affein e in the pla s - of 血 n dhildr 飢 tm ated
with the ophyllin e for apn e a. This 申1e n O m e n aW s also rep rted
by ョo ry et e1.(60).
As in pa rt =エ, 血 ie e ubryo 001 ture ted m土qpe w as als o u s ed
in this pa rt in o rde r to eliJninate t h errbryo s f m the
m ate m al syste m influ e n c e s and to c o ntr ol the c affeine
m etab lite sdo s eand the le I唱th of the e xp s u r eI治 riod.
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=n this pa rt, s e v e r al studie s we r eFe rfo r r 肥d in a n at t叩 t tO
1. Zr N eStigat& せ妃 effe cts of pr aL m thin e, a s the rn ain
m etab lite of c affeirM2', O n C ultu r ed r at e nbryo s .
2. h v e stigate the effe cts of the ophyllin el Sin c eit w a s
r ep rted 七o unde rgo rrethylatio n to pr cdu c e c affei,n et
皿 001七 ∬ ed rat erbryo s.
3. =rN eStigate the effe cts of‡迫 r a X a nthine o r
地 軸 yllin e o n cultu r ed r at errbryo s at dife r en t
stage s of ge statio n.
b4AT ER工ÅL 占 月N Dh4ET H CD S
00 砂Ⅱ(コ江占
坤 Q u Stheophyllin e a nd 阿 a X anthin e w e r efR r Cha s ed fr o m
Sigrn a Ch<F nic al Co･ t S T･ LD uisl 朋OJ U S A･ Othe r re age nts u s ed
w e r e of a nalytic al gr ade .
甜 Ⅲ舶江占
Sprague b wley r ats we r e u s ed in all e和治r 加 氾tS･ hting
pr o c edu re, se m ard erd3 rYO Pr epa ratio n we r e a声 de s c rit d in
pa rt = =.
Ele v e nday olderbryos w e r e c ultu r ed within their vis c e r al
yolksac in the pr e s enc e of the ophyllin e (50, loo, 200a r血 300
vg/ht1) o rpa rax a nth in e (50, l ooa nd 150l上g/ht1) during the fir st
24 hDtU S･ A f te r th tl the e rrbryo s w e r ew a shedl OfXn ed their
yo比 s a c a nd 廿1e n C O ntinued the c ultu r efor a nothe r24 ho tu s.
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触 1v e day old 血ryo s w 虻 e Cnntur ed afte r ofXn l ng 世紀ir
●
vis c e r al yo比 s a c n Brhr a n ein the pr e se n c e of th30Phy11in e(50,
looa r° 200vg/h A) o r p a w th in e(50, looa nd 150pg/hA) in
tyr cde 弧Iutio n fo rthe first 24 bu r s｡ Afte r that.tin errb yo s
w e r e w a sll由 a nd c c ntirlu ed the c ult m fo r ar氾the r24 ho t u s.
A t e nd pint, their viability w e r e ched{ ed｡ Chly viable
血 ryo s we re u s ed (hi5 a rt ぬ 七 m r eth m 110 tirr肥 SP r miute).
地 r stere o s 00pI C m土c m s c oFe , the 邸わryo s w e ∬e e x amiJled for
p s sible e 地 n al m alfo m tiQ nS ard 如 榊 ｡ Protein
c c nte nt a nd c r o w n rtq lmgth w 虻 e u sed a s deve1 耶 1t
阿 a mter.
Fo rdetails r efe r s七o the mate rials a nd rn ethd s of pa rt Z =.
3 7
Figur e3. Cheh c al st m ctL U e Of caffein e and its r e七ab lite s
cH3
0
幽
@ %
O
H
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N)k
c
NT;
o ”
l
CH3
PA R A X A N T HiNE T HE OP H YLL盲N E
竹旭 加 de mthylation I肥 ta b lite s w e r efot md in the blcxd of
加 n o r anim ls afte r administratio n Of 皿 ffeine ･ 王bry et
all(6 0) r epo rted that the ophy11in e unde rgo rnethylatic)n to
c affein ein the n e wb m .
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R E S U L TS
m O F T2m P m 刀屯 C肘 D AYユ1 工泌y E MBfUa
As sk》 m in tab le ユ2, t旭 pr e s e n c e of 50a nd 100tlg/hl
the ophyllin ein the c ultu r e 戚 il皿 di dr mt indu c e a ny 地 n al
m alfo m tio ns ｡ 放訊 腔 V e r, at C m C e ntr ation. of 200 vg/ht1,
tf q hyllin e c a u s由 fa cial hy p plasia in 3 of 9tr e ated e rrbryo s
(33%), in thhi d1 2 of 伽I W e r eaC∝ 叩 氾Ⅰ止ed with sho rt- taila nd
th othe r o 旭 With for e- 1i血b abm o mlity. A t 300 pg/hd_
地 軸 11in e c a u s ed fa cial hy p pla sia ard sho rt- tai l in 3 of 7
tre ated erd3 ryO S (43%), in which 2 of th{ m a c ∝岬 止 由 with
fo r e- 1 血 ah o mlity.
T ab le 13 md 14′ shc nQed eff∝コ也 of 廿 噛 11in e o nth
e rrbryo s de v elq F肥 1t Which dete rmiJd a s pr otein m nb nt ar血
c row n n叩 1e ngth. 叫 11 in e at c c n mtr atic n up 七o 100
Llg/hn d idm t r edu c ethe eErbryo s 由 稚 1 耶 1七. flw eve r, t止如 r
c o n o ∋ntr atio n a s20 0o r 300リgカ止 didr edu c e the errbryo s
■
de v e1叩 m 訂止 ′ a s 白 地 m by signific a nt r edu ctio n of tx)th pr otein
co nt m t ard c r e wrtq le ngth.
At t土鳩 e nd pint, p mtein o 訊ぬ 七 ard c 卿 r u rrP lmgth of
untr eated e mbryo s w e r ein c r e a s ed to abo ut 6.3 a rd l｡ 8 tirne s,
r e sp∋ctively, 血 ∝ 岬 ed to z e r oho u r e Kbryo s.
孤 (肝 一Ⅱ 弧 :mく匿 (封 12DA Y 脚 (芯
As s血 机 in table 15 a nd 16, the pm s enc e of 50 正広 100
vg/虹 theophy11in e in the c ultu r e TrEd iu m didn ot c a u s e a ny
r eta rdatio n to the de v elopn mt of the e 打わryo s.
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Tqble12 Te rQtOgenic Effe cts Of The ophyllin eOn ll.0 Dc]y Rc)t
Emb｢yo s
Tre Qtm e nt ” FQ Ciql Do m qge TQil Do m Qge Abn o r moI Total
Of Limb
(vg/ml) ( 那 (Z) (X) (X)
Non e 8 0(0)
50 8 0(0)
10 8 0(0)
200 9 5(55)
500 7 5(45)
0(0) 0(0) 0(0)
0(0) 0(0) 0( )
0(0) 0(0) 0(0)
2(22) 1(ll) 5(55)
5(45) 2(29) 5(45)
Embryo s w e re c ult red fo rq8 ho u r s. Eo ch of the The ophyllin e
do s ew a s added to the c ultu re m ediu mfor the first 24 ho u r s.
40
Tqble12 Te r QtOge nic Effe cts Of Theophyllin eOn ll.0 Dc]y Rc)t
Emb｢yo s
Tr e Qtm e nt ” FQ Ciql Do n(】ge TQilI)Q m Qge Abn o r m oI Total
Of Limb
(vg/ml) (X) (Z) (X) (X)
Non e 8 0(0)
50 8 0(0)
100 8 0(0)
200 9 5(55)
500 7 5(斗5)
0(0) 0(0) 0( )
0(0) 0(0) 0(0)
0(0) 0(0) 0(0)
2(22) 1(ll) 5(55)
5(45) 2(29)5(45)
Embryo s w e re c ultu red fo rq8 ho urs. Eo ch of the Theophyllin e
do s e w a s added to the c ultu r e m ediu mfor the fir st 24ho u r s.
40
TQbl(=4 Effe cts Of The ophyllin eOn The De v elopm en tOf ユユ｡O
Dqy Embryo s
Treqtm e nt N Protein Conte nt Cr o w nRu mp Le ngth
(vg/ml) (vg/embryo) (nvn)
No n e 斗
50 8
500 7
2505土 50 7,50± 0.02
2q55± 50
215q± 60*
7｡斗5 ± 0,05
7.5 5± 0.Oq…
Rot e mbryo s w e r e c ultu red fo r48 ho u rs. EQ Ch of the
The ophyllin edo se 如s c)dded to the c ultu r e mediu mfor the
first 2勾 ho u rs.
E(】ch of the v alu e repre s e nts the m e Q n土 S.EB
♯
pく0.001v e r s u s contr ol.
榊
pく0.05 ve rs u s c o ntr l.
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Ho w 即 e r･ at C OnC 飢tr atic n of 200pg/hlv the ophylliry5 rra rkedly
r edu c ed the errd3 rYO S de v elopr m t a s 如 Ⅶ一 by 托 du ctiQ n Of both
pr otein c c nt m t ard cr ロWn rtmP le ngtho
The pr otein c ontent ard c r o Ⅶ1 r urr野 1ength pf 仕氾 u ltm ated
eErbryos w e r ein c r e a s ed to abo ut 4a nd 1｡ 5 ti- sp r e spectiv eユyp
whim ∝ 和 仏r ed 七o the z e nho u r ertb yos.
Al 叫 a七
influ e n c eせ1 e
hy 押Ia sia ar°
軸 s (13%).
cult m r泥d 山m
e ud3rYO S (50%)
sI】o rt- tail a nd
c o n c e ntr atio n of 10071g/hl the o紳y11in edidn ot
erTbryo s de v elq 耶肌tp but it c a u s ed
fo r e-1 加ゎ ah or m ality in o n e of 8
姐 itio n of 200 LLg/h止 せ 噛 11irle
c a u s ed fa cial hypcIPla sia in 4 of 8
fa cial
tr e ated
to 伽
tr eated
in vdTLd1 2 of t b w e r e abC ∝昭 治n土ed with
fo r e-1irrb ah o mlity, o n e with dlO rt- tailand
a n othe r o r 氾 With fo r e- 1irtb abm ぬ 1ity o nly (table 1 7)｡
m C)F ⊂肘 11 W 耶
Table 18 白 地 把d the effe cts of 阿 a X mthjn e 孤 e rh yos
de v el 耶 nt 佃止dl dete r min ed a s pr otein ∝ 地 t a nd c r o 帽nr 叩
le ngth. Par a3San七hir由､c m cm tratio n up to 100叫g/hl did n ot
r edu c e the･ 叫 os de v el甲r mt. At c x)n c mtr atiQ n Of 150リgノ姐
pa r a x a nthin e di d 血 ce the 軸 s de v elof耶 野 止, a s sh m by
■
s ignific a nt r edu cti 皿 Of 軸 pmtein m nte nt ard c r o wrl叩
Ie ngth･ At the e nd pointl Pr otein m te nt
l
a nd c ご仇7n rtETP le ngth
of untr e ated e mbryo s w e r einc r e a s ed to abo ut 8 a nd 2tirEe S,
r e sp∋ctively, 血 ∝ 岬 ed to the z e n hot u 軸 s｡ A t
c o n c mtr atio n up
any malfo m tio n
tr e ated errbryo s
e∋p s ed to 150
ah o mlity did
(table 19).
to loovg/h 止. pa r む【a nthin e als o didn ot c aus e
to all tr ea ted errbryo s. 叫 Q n e Of the
舶 m alfo m tio n (fa cial hy p pla sia) 血
リg/htl fn r a X a nthin e, sho rt- tail a nd fo r e- linわ
n ot obs e r v ed in a ny of tb tr ea ted errbryo s
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TQbleI5 Effe cts Of The ophylline On The De v elopment Of 1210
DQy Embryo s
Tr e Qtm e nt ” Pr otein Co nte nt Cro w nRu mp Le ngth
(ug/ml) (ug/embryo) (nTn)
Non e 5 4580 土 qO
100 8 4226土 22
9.58± 0.02
9.17 ± 0.05
200 8 叫166± 20
＋ 9.12± 0.0 1
♯
The e mbryo w e re c ult red with yolk- s o c ope n ed fo rq8 ho u rs
□nd the do s e w8 S Odded to the c ultu r e m ediu mfo rthe fir st
24hou rs . Protein Content C nd Cr o w nRu mp Le ngth ot z e roho u r
w e r e1105･_ 15vg/e mbryo C nd 6.15土 0.05 m , re spectiv ely.
EQ Ch of the v Qlu e r epres e nts the m e a n±rS.E,
o
p<0.001v e r s u s C O nt｢ 01.
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Table 1 6 Effe cヒs OfThe ophyllir 氾 On m 訊唱1opte nt Of ユ2｡O Day
叫 s
地 上 N Pr otein Cc ntJm t C m 払Ⅱrp 卿
(”g/h) (”g/dtbryo) (Tr m)
Nc n e 4 4308土 40 9. 40± 0.02
50 8 4249± 40 9. 34± 0. 03
Rat 軸 s w ere c ultu r ed w 地 yo比 s a c o阿 東 fo r 48 hD u r S｡
Ea ch of the do s e w a s added to the c ult w e m血 m du 叫 th
fir st 24 ho u r s.
Ea ch of tb Ⅵ 加 r epr es 餌 ヒs the m e a n 士 s･ e ･ m ｡
4 5
Tqble弓7 Te rQtOge nic Effe cts Of Theophyllin e o n12.0 day rot
e mb｢yos
Tr e Qtm e nt ” Fo cic)1 Dq m clge ToilDc)mQge Abn o r mc)1 TotQI
of Limb
(リg/ml) (完) (完) (Z) (X)
No n e 7 0(0)
50 8 0(0)
100 8 1(15)
2･00 8 叫(50)
0(0) 0(0) 0(0)
0(0) 0(0) 0(0)
0(0) 1(15) 1(15)
5(58) 5(58). 斗(50)
Embryo s w e r e cultu r ed fo r48 ho u r s. E8 Ch of the The ophyllin e
do se w8S Qdded tb the cultu re mediu mfo rthe fi (st 2叫 ho u r s｡
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As in ll day olde nd3 rYO S, P r む 払nthin e at c o n c 飢tr atio n up
to 100ug/h1 血 added to 七旭 cultLW e 戚 土um of 12day old
ezTbryo s( als o
■ did n ot r edu c e t b de v elofXr mt Pa r aI肥 ter S.
蜘 Ⅳe r, at 150tlg/hl pr 即こanthiJle SigrLific a ntly r edu c ed th
pr otein c o nte nt ar° cr o m r urrp le ngth of the tr e ated e nd3rYO S｡
Pr otein c o nte nt and c r o w n r urrp le ngth of u ntr e ated erbryo s w e r e
in c r e a s ed to ab ut 4 a nd l･ 6 tiJre S, r e SrX5 Ctiw ly 血 n c QrrPar ed
to the z e r oh u r 母rぬryo s(table 20 and 21).
As sb wl in tab le 22, at 50いg/htlrn r a x 弧thin edidn ot C aus e
auly malfo m tio n to allof
at 100pg/hl, it c a u s ed
fo r e- 1 地 ah o mlity to 1
effects w a s als o dbs e r v ed
errbryo s(28%).
tr eated errbryo s. Ch the othe rha nd,
facial hy p plasia, sho rt- tai l a nd
of 8tr e ated a Td3ryO S(12%), similar
afte r 1 50pg/血 in 2 of 7 t3Te ated
Photo 10 a nd ll 血 ㈹姐 the ed)ryo afte r the oPyl lir 妃
七rea也ne n七.
Photo 12 ard 13 ghm ed the erbryo after rn raL m thin e
tre at m t.
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汁 粉tX)10 : El即 e n 軸 91d'車軸野 中中学 ぬth l md ml(lef t) 肌d a m
必 nl(ridl七) 地 軸 11in e , Ckntm l ed)ryo(c enter). T he
eu m point tD the lα⊃血i00 of 廿旭 r凪1fc m nati00 s. (a)Facial
蜘 1a Bia 弧d(b)訣 α ･七 也11. FcxrL details s e e TTate rials 飢d
r肥廿Ⅹxお .
photo ll : Thfelv e 軸 olderrbzyo t m ted with 2m リg血1 t hem)tw11j･n e(right)
b tm l embryo (left). The e m u pint tx)the 1 ∝ 紙io n of the
m l 触 ヒi 00 s. (a) Fa cial rwppla sia md(b)She)r七 tail.
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Fhotn 12 : Elev 飢 dqy old即 bryo tz℃鉄也d wi也 1EX) d ml pe m t hn e(riか七)
触 ℃1 embryo (left;). T he i m POjntB tO the lcx3 ati皿 Of the rrnl-
f 加 ヒiQ n(fa cia1 吋 押 1a sia). FQ rt details S e e TTntW i als end m e廿似 虫 .
rhotD 13 ; twelv edy olderrbryo t m ted with lC DJig/htlpgr w thirle(riか七)
Cmtm l ed3ryO (lef t). The a n:,o 帽 rX)int 也 the l∝ a七io n of the m al-
f m ticn s. (a) Fa cial IⅥ x申1a sia and(b)Sho rt tzd 1. Fu 由tails
s ee rrate ri als E nd rre廿l∝由 .
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We ha v e obse rved tht bth the ophyllin e a dd FW a X a n地主n e a七
c c n c e ntr atio m up to 100いg/h n do n ot c a u s e
.
aLnY rEnlfo m tior w
o r a ny gm wth r eta rdatic m 血 n e xp s ed du ring the first 24
比況1 r S七o 'a 48 ho w s c ultu r ed of ll day old enぬryo s. Although
the ophyllin e a七 20 0a nd 300叫g/hd. ha v e加 治rl fo uld 七o 止血ユCe
rn alfo m tio ns bt they als o r edu cx3 tb e mbryos de w l 耶 Tヒ
卵 恐te r S. Thu s, th ophyllin e at c m c emtr atio n of 20vg/hlo r
rno r e′ n ot o nly a cts a s te r atogm ic but als o as ed)ryo 血 c ｡
S血止Ia rly, p aL n nth rM 5 at C O n Ce ntrati m of 150pq/htl ha s als o
触 n fo l md 七o a cts a ster atoge nic ard end) rybtQXic｡
=n c ultu r ed of 12 day old 軸 s, we hav e als o d bs e r v ed
that ttm phyllin e a rぬ pa r ax anthiJle at ∝ m Ce ntr atic n of 10 0
リg/hn a ct a s at m e te r atq e nic 血 exp s ed 血∬ir吋 the fir st
24 ho a s to a 48 加s c ultu r ed 軸 s, sin c e it c a u s ed
rralfo m tio n sbut didn ot influ e n c etb e rrbryo s de v e 軸 t.
叫 11in e at c o n c e ntr atio n･Of 200pg/hd･ o r p r a x a nthin e at
cc n c e ntr atic n of 150叫g/htL ha v eb 盟 n くゎ s e r v ed 七o a ct a s bth
te r atcge nic ad e nd3 ryO 血 c 血 eEP S ed during the fir st 24
ho urs to a48 血s c ultu r ed erd3ryO S｡
Althou申I W e didn ot Ⅰ声rfo m a study o n uptake c ap city of
叫 o to the ophyllin e o r‡温raX 皿thin ev but in pa rt Z =, w eha v e
alr e ady dis c u s s ed the pssibility of the vis c e r al yolk s a c
rr a Tbr a n eto influ e n c ethe p訊 etr ati∝1 0f caffein e to e nter the
a miotic flui d. Z tw a sfo u nd tht o nly abut 55to 68%of the
c affein e c o n c e ntr atio n w a sable 七o r m etr a七e the 脚 わr a ns'｡
n u s, the dis cr epa nq of 也 碗 IlirM2 0 r阿 a X a nthine eff∝ ts
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o n the c ultu r ed of ll day old errd3 rYO S a nd 1 2 day olderrbryps
afte r tr e ating 血 th 触
･
s a m e c o n c e ntr atio n, m土ght と氾 du e七o the
lo w e r c o n c e ntr atio n of t b phyllin e o r n r axa nthin e a v ailab le
s u r m 叫 the e mbryo o nll day of ge statio n ∝xrpa re s to 12
day erd3 rYO .
F m allthe data, w e s u tttw iz ed that ･.
1｡ Zn c u1也ユr ed of 1 2 day t)1derd3 ryO, at le a st a
･ c o 肥 e ntr atio n of 100pg/hu. of thex3Phyllin e o r
pa r a x a nthin eis n e eded to indu c ethe rn alfo m tio n′
how e v e r, in c ultu r ed of l l day olderbryo, 150vg/hA
par a x a ntfdn e o r200ug/h l is n e eded.
2. EHbryo s o nday 1 2of ge statio n we r errD r e S u s c eptib le
to be 出 血 c ed I野 eitI恐 r tfm phylline or 盲凪r aXa nth in e
c cn p e to the h m l叩 氾 S e mbryo s Q nday llof
ge s 地 o n.
3. Typ s of malfo m tio n s血 s e r v ed, were facial
hypplasia, ghD rt- taila nd fo r e- link abm m lity.
4. Sin ce tb rrate m al syste m was eljJnin ated, thu s tb
七e r atoge nicity obs erv ed we r edefinitely c a u s ed by
thex3Phyl lin e o r阿 aX a n七hirn its elf.
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P A R PⅣ C 0 N C L U S= O NS
鞄 have 匹 rf m ed this study by u s喝 加 1e 軸 cu1 也m
●
te chniqu e' a nin vitm sys也 m, whicha11伽 氾J噂 u S tO eli mim te
the e mbryo sf m the m a七e m al sys七だm influ e n c e s aLnd to c c ntr oI
p∬e cis ely the c c n -汀ヒr atic n of tb te sted 堺 1t a nd the le ngth
of the e xp s u r e阿 iod.
Fr c m all data 如 m in table s23724,25,26a nd 27, which w e r e
e x七ごa Cted fr c m the re sults of pa rt 工= a nd I l l, w e d m せ 氾
fo11 血ng o m clu sion s :
1･ =n c ultu r ed of Spmgu eDa wley r at errbryo s( it w a s
fo d that caffein eis rr m r epote nt than its
m etab lite sv the ophyllin e a nd Fa r aL W thir 蛤′ in
indu cユ叩 m alfo z mtio n.
▲
2･ = ts e e m sth七 血】鍵yo s c nday ユ2 of ge statio n is m 〇∬e
s u s c eptible tx)と治 indu c ed 上野 C affejn e or its
m eta b lite s, the ophyllin e a nd 阿 a m thin e, tha n
day llof ge statio n.
3･ The 触 s of m alfo m tio nindu c ed by c affeine o rits
rretablites, theqhyllin e and p a )La nthin e, a r e
s血d-1a r e .g｡ fa cial hy p pla sia, 岳ho rt- tail a rd
fore - 1iI血 a上m o コ阻1ity.
4･ 加 te r atqe ni? effects is Only fo tmd at
c o n c e ntr atio n of looLlg/h1(fo r c affein e o ncultu r ed
of bth a a rd 12 day old erbryo 血土Ie fo r
the ophyl lin e arぬ 阿 aX anthiJle α1 Cmlb Ⅱ℃d of 12 day
old e mbryo).
5. A tlo w e r ccn c entrati m (50vg/h 1), n eithe r c affein e
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n o rits Tretab lite s c ause amp m lfo m tions on c ultu red
of day lla nd 12olde mtbryo s｡ Tb ir de v el甲re nt
para m ete r sar e ∝叩 ar ab le 七o the v alue of their
r e sp ctiv e cc ntr ol.
We ha ve 血 se r v ed tht at least loovg/地 of tfw5 0Phy11in e or
如 ㍊ - thine (in cultur ed of 12day old 由bryo) or 150 vg/hd.
pa r a x a nthiJle a nd 200ug/hll the ophylline a r e n e eded to indu c e
tb m弧fo m tio n s･ 肋 肥V e r, Jiritan o (46) hs r epo rted that
only l･3 叫g/bl 阿 a XEnth ine and ユ. 2 リg/h lthe ophyllin e we r e
a v ailab le in r at se m afte r a single ad ministr atio n of 80
喝 佃 c af feine oral ly. Thus , the conc entr atio n n e ed d to indu c e
rnalfo m tio n sin in - vitr o wo uldn ot be r eached in inTViv o afte r
adndnistr atio n of c affein e･ cQn S eqLle ntlyJ it delete the
p s sib ility of the ophyl line a nd 押 raXa nthjn e a s age nts
re sp⊃r 迅ible jn caffein e rnalfo m tio n s 叫 d in in - viv o｡
Ⅰ丸 m daily c o n st 叩 ヒio n of c affein eis only abut 2- 9 喝二収gl
inge std gr adu al ly
■ thr o ugbut the day(a s s uming 84 喝 Of
caffein e玉串r 150 ml cup of ∞ ffe e)｡ The am )unt Only abut i/1 25
to i/28 of the c af fein e do s e vb i dl r eP rted
■
to c aus e
rralfoz m tio n s (250rrgAqg in a single do s e). =t ha s b 翌 n
r ept ted that n o m alfo m tion s w as Qbs e n 杷d 血 a t忠ratq 飢 ic
do s e of c affein e wa s divid d ill fo t udo s e s. F m this fa cts, we
c o n clude that the ps sibility of caffein e to induc e
rnalfo m tio ns in hu ma n is e xtr e m ely s m all. flw e v er , sin c e
caffein e at a do s elo 聡 r than the 也 r atq e nic do s eha s 加 治n
r ep ted to inter a ct withother agents to ptentiate its
te r atoge nicityl'fo rpr e v e ntiQ nl pr e ca utio n sis stilln e c e s s aryr
e sp cially in w m dLUing pr egn託nCY.
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TQble23Ter QtOgenic Effects Of caffeine And Ⅰts
Metqbolite On I)Qy 12 Rot Embryo s
50 100 150 200 500
(vg/ml)
I
Coffein e O完 557. 89冨 エ00笈
The ophyl1ine O完 1 粥 507. -
Pq rQ X O nthin e O冨 12完 287. -
E.mbryo s w e r e c ultu r ed fo r鳩 ho u rs. Eo ch of the dose w q s
qdded to the c ulture m ediu mfo rthe fir st 2叫 ho u r s｡
5 9
TQble24 Te r(】toge nic Effects Ofcaffein eAnd its MetQbolite
O【 Dqy ll｡O Rqt Embryo s
50 100 150 200 500
(ug/ml)
CQffein e
Theophyl1i°e
PQrQX Q nthin e
(0冨) (10完)
(0完) (07.)
(0冨) (0冨) (207.)
(5078) (10､0完)
(557.) (q 謂)
Embryo s w e r e c ultu red fo r48 ho u r s. Eq ch of the do se M o s
Qdded to the c ultu r e m ediu mfo rthe fir st 2叫 ho u r s.
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T(】ble2 5Te rqtoge nic Effects Of Coffein eOn lユ｡O And 12｡O
Dqy R□t Embryo s
Ge st□tio nDqy 50 100 200 500
(tlg/ml)
ll.0 0完 107. 50完 100完
12.0 07. 557. 897. 1007.
T he e mbryo s of doy 11｡O of ge stQtio n w e re c ultu r ed with毒閃
their yolk sq cfo rthe fir st 2L4 ho u r s. On the othe rh(っnd ,
dc)y 12.0 e mbryo s w e re c ultu red withouモ their yolk SCIC.
Allembryos w e r e c ult red fo r叫8 ho urs .
6 1
Table 26 Te rQtOge nic Efe cts Of The ophylline On ll.0 And
12.0 DQy R(コt Embryo s
Gestc)tio nDcly 50 100 200
1500
(tlg/ml)
ll.0 07D O 冨 537. q 5冨
12.0 07. 1578 50完
The embryo s of dQy ユ1.0 of ge st8tio n w e r e c ultu r ed with毎m
their yolksoc for the first 2Ll ho u r s. On the othe rhq nd ,
day 12｡O e mbryo s w e r e c ultu r ed witho u息 their yolk s a c.
Alle mbryo s w er e c ultu r ed fo r48 ho u rs.
6 2
T(】ble27Ter qtoge nic Effe cts Of Pq ｢ Q X(コnthin eOn ll.0 And
12.0 Dc)y Rc)t Embryos
Ge stotlo nD(】y 50 100 150
(リg/ml)
ll.0 0荒 07. 20完
12.0 0芸 ユ27. 2 8冨
The embryo s of dQy lユ.0 of ge st〔】tion w e r e c ult red withj閃
their yolks〔】c fo rthe fir st 2叫 ho u rs. On the othe rhQ nd
dc)y 12.0 e mbryo s w e r e c ultu r ed wi･thou骨 their yolk s o c.
Alle mbryo s
l
w e re w e r e c ultured fo rq8 ho u r s.
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